Background: Prolonged mechanical ventilation (PMV) is the most common situation where tracheostomy is indicated for intensive care unit (ICU) patients. However, it is unknown if this procedure confers survival benefits on PMV patients in a post-ICU setting. Methods: Patients who were admitted to the specialized weaning unit from 2005 to 2008 and received PMV were included in this study. On admission, data pertaining to patient characteristics, physiologic status, and type of artificial airway (tracheostomy vs. no tracheostomy) were obtained. Outcomes of tracheostomized and nontracheostomized patients were evaluated using multivariate Cox proportional hazards and propensity score-matching models. The primary outcome of interest was 1-year survival. Results: A total of 401 patients (mean age 74.4 years, 204 male) were identified. In multivariate analyses, higher Acute Physiology and Chronic Health Evaluation II score [hazard ratio (HR) Z 1.061, 95% confidence interval (CI) Z 1.016e1.107] and presence of comorbidities, including congestive heart failure (HR Z 1.562, 95% CI Z 1.119e2.181), malignancy (HR Z 1.942, 95% CI Z 1.306e2.885), and liver cirrhosis (HR Z 2.373, 95% CI Z 1.015 e5.544), were independently associated with 1-year mortality. An association between having Please cite this article in press as: Huang C-T, et al., Preadmission tracheostomy is associated with better outcomes in patients with prolonged mechanical ventilation in the postintensive care respiratory care setting, Journal of the Formosan Medical Association (2016), http://dx.tracheostomy and a better 1-year outcome was observed (HR Z 0.625, 95% CI Z 0.453e0.863).
Introduction
Tracheostomy is one of the most commonly performed surgical procedures in the intensive care unit (ICU), and anticipated prolonged mechanical ventilation (PMV) is probably the most common reason for patients to undergo tracheostomy. 1 Although the evidence-based guidelines recommend that tracheostomy be considered after an initial period of stabilization on the ventilator when it becomes apparent that the patient will require prolonged ventilator assistance, 2 the optimal timing for tracheostomy remains a subject of debate and continued investigation.
Most studies assessing the impacts of early (generally 10 days of mechanical ventilation) versus late (generally >10 days of mechanical ventilation) tracheostomy on clinical outcomes were conducted in the ICU, and recent reviews and meta-analyses concluded that there is no strong evidence for real differences between early and late tracheostomy in the outcome of mortality. 3e5 Two recent large-scale randomized trials also showed consistent findings that early tracheostomy is not associated with improved survival. 6, 7 Moreover, the trials found that a significant proportion of patients experience adverse events related to tracheostomy procedures, 7 and the ability of physicians to predict which patients require extended ventilatory support is limited. 6 Advances and improvements in treating critically ill patients have resulted in more patients requiring PMV, which is associated with increased healthcare expenditure and workload of healthcare providers. 8 This specific patient population has clearly different needs and resource utilization patterns when compared with ICU patients, and specialized venues and management strategies are required. The majority of PMV patients have the tracheostomy procedure performed in the ICU to facilitate comfort, communication, and transfer to the post-ICU respiratory care facility, 8 and a recent study suggested that tracheostomy may increase the likelihood of in-hospital survival in PMV patients. 9 However, it remains uncertain whether tracheostomy improves longer-term clinical outcomes for these patients.
Thus, we conducted this study to assess the impact of tracheostomy performed prior to transfer to the specialized weaning unit on the long-term outcome of PMV patients. The primary outcome of interest was 1-year survival.
Methods
Setting National Taiwan University Hospital, Yun-Lin Branch, is a university-affiliated teaching hospital containing 51 ICU beds and a 12-bed specialized weaning unit. The specialized unit was established based on the regulations of the Taiwan National Health Insurance Bureau as an intermediate respiratory care unit to accommodate patients with high probability of PMV. Patients were eligible for admission if they fulfilled the requirements as follows: stable hemodynamic status, no use of vasoactive medications, low oxygen requirements (fraction of inspired oxygen concentration [FiO 2 ] of 40%), no active hepatic or renal failure and no requirements for surgical intervention, or if the primary physician regarded it beneficial for the patient to be taken care of at the specialized weaning unit. If the patients could not be weaned from mechanical ventilation within 6 weeks of stay at this unit, they had to be transferred to an extended respiratory care facility. This study was approved by the Research Ethics Committee of the National Taiwan University Hospital and the need for informed consent was waived.
Study population
All patients admitted to the specialized weaning unit from January 2005 to December 2008 were identified from a respiratory care database. Patients were included if they had been placed on mechanical ventilation for 21 days at the time of admission. Patients who had undergone tracheostomy prior to the episode of respiratory failure were excluded from this study. When the patients had two or more admissions, only the first one was selected for inclusion.
Data collection
The clinical information of the patients was obtained from the respiratory care database and medical records. The following data were retrieved on admission to the specialized weaning unit: demographics (age, sex, residency prior to hospitalization), body mass index, consciousness level [modified Glasgow Coma Scale score], comorbidities, type of ICU admission (medical vs. surgical), severity of illness [Acute Physiology and Chronic Health Evaluation (APACHE) II score], length of ICU stay, main reason for mechanical ventilation, respiratory parameters [rapid shallow breathing index (RSBI), maximal inspiratory pressure (Pimax), partial pressure of oxygen in arterial blood (PaO 2 )/FiO 2 ], and type of artificial airway (tracheostomy vs. no tracheostomy).
The main reason for mechanical ventilation was categorized as follows: respiratory disease (including asthma, chronic obstructive pulmonary disease, pneumothorax, hemoptysis, pneumonia, and pleural infections), cardiovascular failure (including acute coronary syndrome, congestive heart failure, cardiogenic shock, arrhythmia, and cardiac arrest), sepsis (including all septic conditions, but excluding pneumonia and pleural infections), neurologic failure (including seizure, intracranial hemorrhage, stroke, and coma), postoperative state (coronary artery bypass grafting, aortic dissection repair, major abdominal surgery, and lobectomy), and others (not belonging to the above categories).
Weaning program
As recommended in the statement of the Sixth International Consensus Conference on Intensive Care Medicine, 10 the weaning process involved daily screening for criteria of weaning readiness as follows: no deterioration of the offending disease, stable hemodynamic status, reliable respiratory drive, positive end-expiratory pressure of 8 cmH 2 O, FiO 2 of 40%, and RSBI of <200/min/L. Patients who passed the screening testing would proceed to a spontaneous breathing trial or a gradual reduction of the ventilatory support. Meanwhile, the patients were subjected to multidisciplinary respiratory care involving chest physicians, registered nurses, respiratory therapists, nurse practitioners, pharmacists, dietitians, physiatrists, physical therapists, occupational therapists, and social workers.
Outcome measurement
The primary outcome of interest was 1-year mortality, and other outcomes investigated included in-hospital mortality and the development of ventilator-associated pneumonia and probability of successful weaning at the specialized weaning unit. Successful weaning was defined as the ability to sustain spontaneous breathing for at least 7 days after the removal of the endotracheal tube or disconnection from the mechanical ventilation. All patients were followed for 1 year after admission to this specialized unit, or until death or loss to follow-up.
Statistical analysis
Continuous variables were expressed as mean (standard deviation) and compared with the Student t test. Categorical variables were expressed as number (percentage) and compared with the chi-square test or Fisher's exact test, as appropriate. To assess the univariate effects of patient variables associated with 1-year survival, a Cox proportional hazards model was used to test each variable.
Factors with a p value of <0.1 in the univariate analysis were entered into the multivariate Cox proportional hazards model. Patients were treated as censored observations at the time of loss to follow-up. The cumulative event curves were plotted using the KaplaneMeier method and compared using the log-rank test.
Because the patients were not randomly assigned to undergo tracheostomy or retain endotracheal intubation, significant differences existed in baseline characteristics between tracheostomized and nontracheostomized patients. Propensity score-matched analysis was used to balance observed variables between the two patient groups.
Stepwise logistic regression analyses were used to select baseline variables associated with tracheostomy. All univariate variables with a p value of <0.25 were entered into the multivariate model for predicting tracheostomy. A backward stepwise logistic regression model was used to remove variables with a multivariate p value of >0.25. The predicted probability derived from the final logistic regression model was used as the propensity score for having tracheostomy for each individual. Then, each tracheostomized patient was matched to a single nontracheostomized patient who had a similar propensity score (within 0.25 standard deviation of the propensity score). When more than one nontracheostomized patient was identified for a tracheostomized case, the closest admission date was used to select the nontracheostomized patient.
A two-tailed p value of <0.05 was used to indicate statistical significance. Statistical analyses were performed using SPSS software (version 15.0; Chicago, IL, USA).
Results Patients
A total of 476 patients were admitted to the specialized weaning unit over the 4-year study period, and 75 (16%) of them were excluded from this study: 41 having their duration of mechanical ventilation <21 days at specialized weaning unit admission, 27 with more than one admission, Tracheostomy in PMV patients and seven undergoing tracheostomy prior to this episode of respiratory failure ( Figure 1 ). The baseline characteristics of the study population are shown in Table 1 . The mean age of the patients was 74.4 (14.1) years, and approximately half of them were male. The average APACHE II score at admission to the specialized unit was 16.2 (5.9) . Of the admissions, 78% were referred from the medical ICU and 22% from the surgical ICU. The most common indications for mechanical ventilation were respiratory disease (38%) and cardiovascular failure (23%). Cerebrovascular disease (40%) and diabetes mellitus (27%) were the two most common comorbidities. The mean length of ICU stay and ventilator days were 25.5 (7.0) and 24.6 (5.7) days, respectively, for the total study population. About one-third (132/401) of the patients underwent tracheostomy prior to transfer to the specialized weaning unit, and these patients were significantly younger than nontracheostomized patients (71.7 vs. 75.7 years, p Z 0.007). In addition, tracheostomized patients were more likely to be put on mechanical ventilation because of cardiovascular failure than nontracheostomized patients (29% vs. 20%, p Z 0.041). Conversely, the proportion of patients who required ventilatory support because of respiratory disease was higher for the nontracheostomized patients (42% vs. 29%, p Z 0.008). In our institution, all tracheostomy procedures were performed by the surgeons in the operating room. One hundred and eighty-six (46%) patients were successfully weaned during the specialized weaning unit stay, and 285 (71%) were discharged alive from the hospital. The mean length of stay at the specialized weaning unit was 23.2 Table 1 Clinical characteristics at specialized weaning unit admission of 401 patients who did or did not undergo tracheostomy. 
Matched cohort study
Variables associated with tracheostomy for the 401 patients were age [increments of 1 year; odds ratio (OR) Z 0.982], the presence of diabetes mellitus (OR Z 0.648), male sex (OR Z 1.387), and cardiovascular failure as the reason for mechanical ventilation (OR Z 1.581). We were able to match 121 of the 132 tracheostomized patients to 121 nontracheostomized patients using the propensity scorematching process. As expected, no significant differences were found between these two groups regarding any of the baseline characteristics assessed (Table 3 ). KaplaneMeier estimates of the 1-year survival rates after specialized weaning unit admission show a better outcome for tracheostomized patients (Figure 2) . Also, tracheostomized patients had significantly lower in-hospital mortality (24% vs. 36%, p Z 0.049) and risk of developing ventilator-associated pneumonia (10% vs. 20%, p Z 0.030) than nontracheostomized ones. However, the probabilities of patients being successfully weaned from mechanical ventilation at the specialized unit were not significantly different between the two patient groups.
Discussion
The main findings of our study are that tracheostomy performed prior to transfer to the specialized weaning unit was associated with lower in-hospital and 1-year mortality and risk of ventilator-associated pneumonia in PMV patients after carefully controlling for clinical and physiologic differences at specialized unit admission between patient groups. However, the rates of successful weaning were not significantly different between tracheostomized and nontracheostomized patients. This study specifically tested the influence of preadmission tracheostomy on the long-term outcome of PMV patients in the post-ICU respiratory care setting. The potential advantages and disadvantages of tracheostomy versus endotracheal intubation have seldom been discussed in the post-ICU setting because most of these PMV patients have had tracheostomy surgery at this stage. 9, 11, 12 A recent work showed that tracheostomy performed at the specialized weaning unit might be associated with improved inhospital survival among PMV patients, although long-term outcomes were not assessed by the investigators. 9 We also observed a lower in-hospital mortality rate in PMV patients undergoing tracheostomy. Furthermore, the major strength of the study, which demonstrated that the 1-year mortality rate was lower for tracheostomized patients, was to adjust for the significant variables associated with 1-year mortality and to derive a matched cohort study constructed using the propensity score for tracheostomy, which resulted in two comparable groups of PMV patients. The main difference between the study by Wu et al 9 and ours was the timing of tracheostomy (prior to vs. after specialized weaning unit admission). The present study may better clarify the impact of this surgical procedure on the outcome of this patient population, because our results were not confounded by the clinical course during the specialized weaning unit stay. Based on consensus opinions, 13, 14 it is believed that patients should not be ventilated via an endotracheal tube for longer than 21 days in light of the observation that tracheostomy enhances nursing care and improves patient comfort and communication. 15 An ICU study by Hsu et al 16 supported the suggestion and found that performance of tracheostomy more than 21 days after endotracheal intubation was associated with prolonged weaning periods and low rates of successful weaning. Our study further provides evidence supporting this concept by showing that tracheostomy improved the survival of PMV patients. However, the nature of the association between tracheostomy and better outcomes remains uncertain. Although we observed a lower risk of ventilator-associated pneumonia in tracheostomized patients, it could not wholly explain the survival benefit of tracheostomy. To date, well-documented benefits of the procedure include less need for sedation and shorter ICU and hospital stay, 1 but several ICU studies comparing early versus late tracheostomy did not indicate an association between the timing of tracheostomy and mortality. 6, 7, 17, 18 Thus, more investigations conducted in the post-ICU setting are needed to replicate and confirm our results.
Findings from two recent large ICU trials raise the question about physicians' ability to predict the requirement for additional days of ventilation early in the ICU stay in that only 45e57% of patients allocated to the late tracheostomy group received a tracheostomy. 6, 7 Therefore, their results based on this prediction should be interpreted with caution. Similarly, it is difficult to predict the need for PMV early in the course of critical illness. Although a number of predictors have been identified, 19e21 the investigations are heterogeneous in the study population and the results cannot be extrapolated to the general critically ill population. In this regard, it is impractical to anticipate a trial on the issue we explored in this study. The robust evidence, maybe, comes from a well-conducted prospective observational study with controlling for relevant confounders using propensity score matching or multivariate modeling. Propensity score matching is usually used in observational studies to estimate effects if randomization is infeasible. It is more effective to reduce bias than multivariate modeling and allows inclusion of a larger number of potential confounders in the analysis. 22, 23 However, as with all observational studies, propensity score matching has the limitation that remaining unmeasured confounding factors may still be present. In addition, the sample size would be significantly reduced with the propensity score matching procedure, and this can diminish the statistical power of a study. Accordingly, in this study, we evaluated the primary outcome of interest both by propensity score matching and multivariate modeling to consolidate our findings. Other factors associated with increasing 1-year mortality in this study were a higher APACHE II score and the presence of comorbidities, including congestive heart failure and malignancy. The APACHE II score, which was recorded on admission to the specialized weaning unit, predicted the mortality of patients requiring PMV. The relationship between the severity scoring system and outcome has previously been documented. 9, 24 The APACHE II score is calculated from acute physiologic measurements, information about previous health status, and patient baseline characteristics. Thus, this score indicates the patients' overall well-being and, not surprisingly, it may predict the outcome of PMV patients at the specialized weaning unit. The association of malignant diseases with mortality of patients with PMV is not unexpected. However, it has not been reported in the post-ICU setting probably because cancer patients were always excluded from these studies. 9, 25 Interestingly, our observed predictor of 1-year mortality, a comorbidity of congestive heart failure, may have important clinical implications. This indicates either the prognostic value of congestive heart failure among PMV patients or undertreatment of cardiovascular problems. If the latter is proved to be true, the outcome of PMV patients may be improved by involving cardiovascular specialists in teamwork.
Patients with PMV have high mortality rates. 25, 26 This was best illustrated in a large cohort study showing that the inhospital and 1-year mortality rates of mechanically ventilated patients admitted to long-term care hospitals with weaning programs were 25% and 52%, respectively. 25 The outcomes were similar to our own experience and indicated that PMV patients remain at high risk for death during the 1 st year after critical care. Furthermore, prior work has shown that this patient population may experience persistent and significant functional disability at great costs and expense of healthcare resource consumption. 27 In the face of the healthcare reform and emphasis on patient-centered outcomes, functional status, quality of life, and costeffectiveness should also be taken into account in tailoring decisions to proceed or forgo life-sustaining procedures, such as placement of a tracheostomy. Under certain circumstances, withholding or withdrawing therapy may be better than doing everything with mortality inevitable.
Specialized weaning units that accommodate mechanically ventilated patients after ICU stay report ventilator weaning rates of 38e68%. 12, 24 Our rate of discontinuation of mechanical ventilation, 46%, is within the range reported. However, we did not find that tracheostomized patients had a higher weaning rate compared with nontracheostomized patients in the post-ICU respiratory care setting, a result compatible with a recent study at the specialized weaning unit. 9 Facilitated weaning from mechanical ventilation is one of the purported advantages of tracheostomy. 28 The proposed mechanisms are believed to be reduced work of breathing, the need for less sedation and analgesia, and better removal of secretions. 29 A meta-analysis of randomized trials comparing early versus late tracheostomy in the ICU confirmed that weaning was more rapid with early tracheostomy. 30 We do not know why this discrepancy exists between studies conducted at the ICU and specialized weaning units, but it probably reflects diverse pathophysiologic status and needs of acute critically ill and PMV patients. Moreover, an updated meta-analysis of randomized trials did not find a difference in duration of mechanical ventilation, 4 further supporting our results.
There are a number of limitations to this study. First, our data were collected in a specialized weaning unit setting, and the results might not be universally applied to all PMV patients. However, a recent study showed a dramatic increase in the number of patients admitted to specialized weaning units between 1997 and 2006, and many of them fulfilled the criteria for PMV. 31 Thus, the physiologic and social challenges faced in caring for this patient population are expected to be consistent. Second, the main weakness of this study is its retrospective nature, but concomitant analyses with multivariate models and propensity scorematched cohort study both led to the same results. This may assure the robustness of our findings. Third, patient data were collected on admission to the specialized unit. In a patient population at risk for complications and with significant comorbidities, the trend and changes of variables may better identify factors associated with long-term outcomes.
Figure 2
KaplaneMeier plot of 1-year survival since specialized weaning unit admission in patients who did or did not undergo tracheostomy.
